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ABSTRACT 
 
This paper presents the comparative performances of three phase induction motors using space vector pulse 
width modulation (SVPWM) and hysteresis current controller. An indirect field orientation is applied to 
ensure decoupling control between torque and flux of the induction motor. The hysteresis current controller 
is built in with PI speed controller and three hysteresis current bands while the SVPWM system is 
embedded with the two control loops, the inner current control loop and the outer speed control loop using 
PI controller. Both systems were run and tested using MATLAB/SIMULINK software. The simulation 
results demonstrate that the SVPWM can improve the quality of the stator current and reduce the torque 
ripple while maintaining the other performance characteristics of the system.   
Keywords: Indirect Field Oriented, Space Vector Pulse Width Modulation (SVPWM), Hysteresis Current 
Controller 
 
1. INTRODUCTION  
 
At the present time, the field oriented control 
(FOC) technique is the widespread used in high 
performance induction motor drives [1, 2]. It 
allows, by means a co-ordinate transformation, to 
decouple the electromagnetic torque control from 
the rotor flux, and hence manage induction motor 
as DC motor. In this technique, the variables are 
transformed into a reference frame in which the 
dynamic behave like DC quantities. The decoupling 
control between the flux and torque allows 
induction motor to achieve fast transient response. 
Therefore, it is preferred used in high performance 
motor applications. 
Nevertheless the performance of the output voltage 
of inverter that fed induction motor system is 
mainly determined by pulse width modulation 
(PWM) strategy. The simple implementation is use 
current control based on hysteresis current 
controller. With this method, fast response current 
loop will be obtained and knowledge of load 
parameter is not required. However this method can 
cause variable switching frequency of inverter [3] 
and produce undesirable harmonic generation [4, 
5]. Another method of PWM that have become 
popular and received great interest by researcher is 
SVPWM [5-7]. This technique have better dc bus 
utilization [7] and easy for digital implementation 
[8]. This paper presents a comparative performance 
of   SVPWM towards the traditional hysteresis 
current controller to control high performance 
induction motor incorporated with indirect field 
orientation technique. The modeling and simulation 
of SVPWM system of induction motor is 
performed, the principle and algorithm is analyzed. 
This report is organized as follows. The dynamic 
model of induction motor is introduced in section 2, 
and then the Space Vector PWM based indirect 
field orientated control is presented in section 3. 
The comparison performance of the system is 
presented in simulation result in section 4 and 
finally some concluding remarks are stated in the 
last section. 
 
2. DYNAMIC MODEL OF INDUCTION 
MOTOR 
 
Three phase squirrel cage induction motor in 
synchronously rotating reference frame can be 
represent as Fig 1,[9]  
 
a) 
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b) 
Fig 1:Equivalent circuit of induction motor in 
synchronous rotating reference frame; a) q-axis circuit 
b) d-axis circuit 
 
Where the voltage equation is:  
 
௤ܸ௦ୀܴ௦݅௤௦ ൅
݀߮௤௦
݀ݐ ൅ ߱௘߮ௗ௦ 
(1)  
ௗܸ௦ୀܴ௦݅ௗ௦ ൅
݀߮ௗ௦
݀ݐ െ ߱௘߮௤௦ 
(2)  
௤ܸ௥ୀܴ௥݅௤௥ ൅
݀߮௤௥
݀ݐ ൅ ሺ߱௘ െ ߱௥ሻ߮ௗ௥ 
(3)  
ௗܸ௥ୀܴ௥݅ௗ௥ ൅
݀߮ௗ௥
݀ݐ െ ሺ߱௘ െ ߱௥ሻ߮௤௥ 
 (4)  
 
and  ௤ܸ௥ , ௗܸ௥ ൌ 0, and  the flux equation: 
߮௤௦ ൌ ܮ௟௦݅௤௦ ൅ ܮ௠ሺ݅௤௦ ൅ ݅௤௥ሻ (5)  
߮௤௥ ൌ ܮ௟௥݅௤௥ ൅ ܮ௠ሺ݅௤௦ ൅ ݅௤௥ሻ (6)  
߮ௗ௦ ൌ ܮ௟௦݅ௗ௦ ൅ ܮ௠ሺ݅ௗ௦ ൅ ݅ௗ௥ሻ (7)  
߮ௗ௥ ൌ ܮ௟௥݅ௗ௥ ൅ ܮ௠ሺ݅ௗ௦ ൅ ݅ௗ௥ሻ (8)  
 
where ௤ܸ௦ , ௗܸ௦ are the applied voltages to the stator,  
݅ௗ௦, ݅௤௦,  ݅ௗ௥, ݅௤௥ are the corresponding d and q axis 
stator current and rotor currents. ߮௤௦, ߮௤௥, ߮ௗ௦, ߮ௗ௥, 
are the rotor and stator flux component, ܴ௦, ܴ௥ are 
the stator and rotor resistances, ܮ௟௦, ܮ௟௥ denotes 
stator and rotor inductances, whereas ܮ௠ is the 
mutual inductance. The electromagnetic torque 
equation is  
 
௘ܶ ൌ
3
2
ܲ
2
ܮ௠
ܮ௥
ሺ߮ௗ௥݅௤௦ െ ߮௤௥݅ௗ௦ሻ     (9)  
 
where P, denote the pole number of the motor. If 
the vector control is fulfilled, the q component of 
the rotor field  ߮௤௥ would be zero. Then the 
electromagnetic torque is controlled only by q-axis 
stator current and becomes:  
 
௘ܶ ൌ
ଷ
ଶ
௉
ଶ
௅೘
௅ೝ
ሺ߮ௗ௥݅௤௦ሻ (10)  
3. SVPWM BASED INDIRECT FIELD 
ORIENTED CONTROL 
 
Fig. 2 (a) and (b) shows the block diagram of 
indirect field oriented controlled of three phase 
induction motor with hysteresis current controller 
and SVPWM. The flux command ߮ௗ௥כ indicates the 
right rotor flux command for every speed reference 
within the nominal value. From this the d-axis 
current reference ݅ௗ௦כ , can be calculate using 
equation (11) 
݅ௗ௦כ ൌ
߮ௗ௥
ܮ௠
 (11) 
The rotor speed ߱௠ is compared to rotor speed 
command ߱௠כ  and the resulting error is process in 
the controller. The controller generates the q-axis 
reference current ݅௤௦כ . For hysteresis current 
controller in Fig. 2(a), both stator reference current 
in d-axis and q-axis are converted to three phase 
stationary reference frame through Inverse Park 
Transformation and compared to the current from 
the feedback of the motor. Then the current errors 
are fed to hysteresis current controllers which 
generate switching signal for the voltage source 
inverter. 
While for SVPWM technique in Fig 2(b), both 
reference current in d-axis and q-axis is compared 
from the feedback from the motor current through 
Clark and Park Transformation. From the 
respective error the voltage command signal is 
generated through PI controller and converted to 
three phase voltage and fed to SVPWM block. The 
SVPWM can be implemented by: 
• Determine ௗܸ , ௤ܸ , ௥ܸ௘௙ and angle ߙ 
• Determine time duration T1, T2 and T0 
• Determine the switching time of each 
transistor 
In SVPWM block, the three phase voltage is 
transform into d-q axis using (12) 
 
൤ ௗܸ
௤ܸ
൨ ൌ
2
3
ۏ
ێ
ێ
ۍ1 െ
1
2 െ
1
2
0
√3
2 െ
√3
2 ے
ۑ
ۑ
ې
൥
௔ܸ
௕ܸ
௖ܸ
൩ 
(12) 
  
The SVPWM uses two neighboring effective 
vectors and null vectors of the eight basis space 
voltage vector and their different act time to obtain 
the equivalent space voltage vector that the motor 
needs, as shown in Fig 3.
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(a)  
(b) 
Fig 2 Indirect field oriented control (a) Hysteresis current control configuration, (b) SVPWM configuration 
 
 
 
 
 
 
Fig 3 Basic Voltage Vector and Reference Vector 
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It is show that there are six voltage vectors that 
can be selected to apply to the motor. The reference 
തܸ௥௘௙ and angle ߙ of respective sector can be obtain 
as 
ห തܸ௥௘௙ห ൌ ට ௗܸଶ ൅ ௤ܸଶ 
(13) 
ߙ ൌ ݐܽ݊ିଵ ൬ ௤ܸ
ௗܸ
൰ (14) 
And switching time duration at any sector is as 
 
ଵܶ ൌ
√3 ௓ܶห തܸ௥௘௙ห
ௗܸ௖
൬ݏ݅݊
ܰ
3 ߨܿ݋ݏߙ
െ ܿ݋ݏ
ܰ
3 ߨݏ݅݊ߙ
൰ 
(15) 
ଶܶ ൌ
√3 ௓ܶห തܸ௥௘௙ห
ௗܸ௖
൬െܿ݋ݏߙ ݏ݅݊
ܰ െ 1
3 ߨ
൅ ݏ݅݊ߙ ܿ݋ݏ
ܰ െ 1
3 ߨ
൰ 
(16) 
଴ܶ ൌ ௓ܶ െ ଵܶ െ ଶܶ (17) 
 
where N is a sector from 1 to 6, ߙ is angle between 
0° to 60°and Tz= 1/fz, sampling frequency. 
SVPWM switching pattern for sector 1 and sector 6 
is shown in Fig. 4 and switching time at any sector 
sequence is summarized in Table 1. From this table 
a mathematical equation is built in function block 
in SIMULINK to generate a SVPWM waveform 
up
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r
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Tz Tz
T0/2T1T2T0/2T0/2 T2T1 T0/2
V0 V1 V2 V7 V7 V2 V1 V0
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(a) 
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(b) 
Fig 4 Switching pattern for (a) sector 1(b) sector 6 
TABLE I 
SWITCHING TIME CALCULATION AT EACH SECTOR 
Sector Upper Switches 
(S1, S3, S5) 
Lower Switch 
(S4,S6, S2) 
1 S1=T1+T2+T0/2 
S3=T2+T0/2 
S5=T0/2 
S4= T0/2 
S6= T1+T0/2 
S2= T1+T2+T0/2 
2 S1=T1+T0/2 
S3=T1+T2+T0/2 
S5=T0/2 
S4= T2+T0/2 
S6= T0/2 
S2= T1+T2+T0/2 
3 S1= T0/2 
S3= T1+T2+T0/2 
S5= T2+T0/2 
S4= T1+T2+T0/2 
S6= T0/2 
S2= T1+T0/2 
4 S1= T0/2 
S3= T1+T0/2 
S5= T1+T2+T0/2 
S4= T1+T2+T0/2 
S6= T2+T0/2 
S2= T0/2 
5 S1= T2+T0/2 
S3= T0/2 
S5= T1+T2+T0/2 
S4= T1+T0/2 
S6= T1+T2+T0/2 
S2= T0/2 
6 S1= T1+T2+T0/2 
S3= T0/2 
S5= T1+T0/2 
S4= T0/2 
S6= T1+T2+T0/2 
S2= T2+T0/2 
4. SIMULATION RESULT 
Simulation has been carried out by using 
MATLAB/SIMULINK for 1.5KW, 1440 rpm three 
phase inductions motor which has parameter as 
follows: 
Rs, stator resistance, 7.83Ω 
Rr, rotor resistance, 7.55Ω 
Ls, stator inductance, 0.4751H 
Lr, stator inductance, 0.4751H 
Lm, magnetizing inductance, 0.4535H 
J, moment of inertia, 0.06Kg m2 
P, number of poles,4 
Figure 5 shows the simulation result from the 
SVPWM, which in Fig. 5(a) shows the d-axis and 
q-axis voltage, Fig. 5(b) shows the sector, N and 
Fig. 5(c) shows operating time of SVPWM. (b) 
Fig 6 shows the overall simulation for SVPWM 
technique and hysteresis current control in 
SIMULINK environment. For this simulation, the 
reference flux is taken as 1Wb and starting torque is 
limited to 15Nm. For hysteresis current controller, 
the hysteresis current band is set constant and equal 
to ±0.5 A.  
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(a) 
(b) 
(c) 
Fig 5 Simulation result of SVPWM (a) Vd and Vq 
voltage (b) Sector (c) operating time 
Fig. 7 shows the starting transient with no load 
applied and Fig. 8 show the steady state response of 
hysteresis current controller.  While Fig. 9 and Fig. 
10 shows the result for SVPWM with the same 
condition.  It can be observe that the ripple in 
torque and stator currents are more during the 
steady state in hysteresis current controller and can 
be reduce with the SVPWM method.  
It also shows that the torque ripple in steady state 
condition is ±1.8 with hysteresis current controller, 
and it reduced to ±0.6 with SVPWM technique. 
Also stator currents show improvement with 
SVPWM technique, that the current are almost pure 
sinusoidal. 
 
 
 
(a) 
 
(b) 
Fig 6 Overall simulation in SIMULINK (a) Hysteresis current controller (b) SVPWM 
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Fig 7 Transient response of hysteresis current 
controller 
Fig 8 Steady state response of hysteresis controller 
 
Fig. 9 Transient response of SVPWM 
 
 
 
Fig. 10 Steady state response of SVPWM 
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Figure 11 - Fig. 12 illustrate the comparative 
performance of speed response, torque developed and 
stator current for induction motor with hysteresis current 
controller and using SVPWM technique in various 
condition. Figure 11 shows the transient response during 
speed reversal from 1300 rpm to -1300 rpm and Fig. 12 
shows the step change in load torque, where 10Nm 
applied at 1.0 second and removed from the system at 
1.2 second for the both systems.  It is shows that both 
technique perform nearly similar performances in speed 
response. The system shows that there are no overshoot 
and undershoot, the settling time of both designs are the 
same and negligible of steady state error.It is also can be 
observed that the output with SVPWM technique has 
low torque ripple and low current distortion as well as 
maintain the rest characteristic of the system. 
                                          (a) 
(b) 
Fig. 11 Ttransient response during speed reversal (a) 
hysteresis current controller, (b) SVPWM 
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(b) 
Fig. 12 Step change in load (a) hysteresis current controller, 
(b) SVPWM 
 
 
5. CONCLUSION 
 
In this paper, an indirect field oriented control of 
three phase induction motor using hysteresis 
current band and SVPWM technique has done 
using MATLAB/SIMULINK. The comparative 
performances between both techniques were 
presented.  From the simulation results, SVPWM 
technique gives better performances in elimination 
of the stator current harmonics and reduction of 
the torque ripple while maintaining the other 
characteristic of the system.  
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